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[Document Nazae] Specxfica-bion 

[Title of the Invention] BIODEGRADABLE SHEET, 
MOLDED ARTICLE FROM THE SAME AND METHOD OF PR 
ODUCIN6 THE MOLDED ARTICLE 
5 [claims] 

[claim l] A biodegradable sheet cc^iprising a resin 
composition, wherein the resin cooposition contains 75 to 
25 mass% of a polylactic acid resin and. 25 to 75 mass% of 
a polyester having a glass transition temperature of CC or 

10 less euid a melting point higher than the glass transition 
temperature of the polylactic acid resin based on total 100 
mass%, wherein the polylactic acid resin in the sheet has 
a degree of crystallization of 45% or less. 

[claim 2] A biodegradable sheet comprising a resin 

15 conposition , wherein the resin contposition contains 75 to 
25 mass% of a polylactic acid resin and 25 to 75 mass% of 
a polyester having a glass tramsition te!ii5>erature of 0°C or 
less and a melting point of 90°C or more based on total 100 
mass%, and wherein the polylactic acid resin in the sheet 

20 has a degree of crystallization of 45% or less. 

[claim 3] The biodegradable sheet according to claim 1 
or 2, wherein the polylactic acid resin has a degree of 
crystallization of 20% or less. 

[claim 4] The biodegradable sheet according tto any one of 

25 claims 1 to 3, wherein the polyester is a biodegradable 
aliphatic polyester other them the polylactic acid resin. 
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[claim 5] The biodegradable sheet according to claim 4, 
wherein the biodegradable aliphatic polyester is at least 
one biodegradable aliphatic polyester selected from the group 
consisting of polybutylene succinate, polybutylene succinate 
5 adipate, polybutylene adipate terephthalate , polyglycolic 
acid, polyester carbonate, copolymers of polyhydroxybuty rate 
and polyhydroiqnralerate , and copolymers of 
polyhydroxybutyrate and polyhydroxyhexeuioate . 

[ Claim 6 ] A method for producing a molded article , 

10 comprising forming amolded article from a biodegradable sheet 
that coonqprises a resin conqposition , wherein the resin 
composition contains 75 to 25 mass% of a polylactic acid resin 
and 25 to 75 mass% of a polyester having a glass transition 
temperature of 0°C or less and a melting point higher than 

15 the glass transition tenperature of the polylactic acid resin 
based on total 100 mass%, wherein the polylactic acid resin 
in the sheet has a degree of crystallization of 45% or less, 
and wherein the molded article is formed at a molding 
temperature not lower than a melting point of the polyester 

20 and. lower than a teiqperature by 30°C higher than the melting 
point of the polyester. 

[ Claim 7 ] The method for producing a molded eurtide 
according to claim 6, further coniprising post-crystallizing 
the molded article formed from the biodegradable sheet at 

25 the molding tenqperature , at a temperature not lower than the 

2 Proof - 2002/07/08 



Filling Date, July. 08, 2002 
Reference No. KP2787 Application No. 2002-198829 



glass transition temperature of the polylactic acid resin 
and lower than the melting point o£ the polyester. 

[claim 8 ] The molded article made by the method for producing 
a molded article according to claim 6 or claim 7 . 

5 

[Detailed Description of the Invention] 
[OOOl] 

[Field of the Invention] 
The present invention relates to a biodegradable sheet, 

10 biodegradable molded article , and a method for producing the 
molded article. More particularly, the present invention 
relates to a biodegradable sheet and biodegradable molded 
article having heat resistance and iiupact resistance, and 
a method for producing the molded article. 

15 [0002] 

[Prior Art and Problems to be Solved] 

Polyethylene , polypropylene , polyvinyl 
chloride, polystyrene, polyethylene terephthalate and the 
like have been used as materials for food containers such 

20 as cups and trays, blister packs, hot-fill containers and 
trays and carrier tapes for transporting electronic parts . 
The food containers auid the like made of these plasticmaterials 
are in many cases thrown away after one use . Therefore , there 
arises a problem of their disposal after they are used and 

25 discarded. Resins such as polyethylene, polypropylene, 
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polystyrene and the like generate much heat when they are 
burned, so that there is the fear that they will daioage the 
furnace during they are burned . Polyvinyl chloride generates 
noxious gases during burning . In addition , ordinary plastics 
5 are stable for a long period of time in natural environment 
and has low bulk density, so that they will make Isuidfill 
sites for reclamation of wastes short-lived, break natural 
landscape or break environment in which marine organisms live . 

Accordingly, research amd develc^sment of materials 

10 that will be degraded and disappear with time under natural 
environment are being made extensively. Biodegradable 
materials attract attention as such materials . One of them 
is polylactic acid. Poly lactic acid is gradually 
disintegrated and decomposed in soil or water by hydrolysis 

15 or biodegradation and. finally gives rise to harmless 
decomposate by the action of microorganisms. Further, 
polylactic acid generates a small amount of heat when it is 
burned. Since the starting material is of plant origin, it 
is advantageous in that one does not have to depend on petroleum 

20 resources that is being exhausted. 

However, polylactic acid has low heat resistance and 
therefore it is not suitable as a material for containers 
that are used at high temperatures such as containers in which 
food to be heated are included or containers into which hot 
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water is poured . Further , containers made of polylactic acid 
are sometimes deformed or fused in the inside of a storehouse , 
or in the inside of a truck or ship during transportation 
since high temperatures are reached there in summer seasons . 
5 A technology of intparting polylactic acid with heat 

resistance includes a method of maintaining the temperature 
of a mold near a crystallization temperature of polylactic 
acid (80 to 130°C) and highly crystallize polylactic acid 
in the mold. This method requires a molding cycle that is 

10 longer than ordinary and incurs high production costs since 
the molded article must be retained in the mold until the 
crystallization is completed . In addition , installation for 
heating the mold is necessary . On the other hand, it is known 
to inqpart polylactic acid with heat resistance by blending 

15 the polylactic acid with polyester. However, form of plastic 
products is diversifiedandblister packs having a con^licated 
shape or deep-bottomed molded article are needed; 
conventional polyester-blended polylactic acids are not 
materials that are satisfactorily adapted for such shapes . 

20 [0003] 

[Problems to be Solved] 

The present invention is made to solve above-mentioned 
problems , so it is an object of the present invention to provide 
a biodegradable sheet that is made of a material causing no 
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envxromoental problems, has excellent heat resistance and 
excellent impact resistance, and is capable of forming 
deep-drawn molded article and blister molded article having 
a cos^llcated shape . Another ob j ect of the present Invention 
5 Is to provide a molded article from the biodegradable sheet 
axui a method for producing the molded article. 
[0004] 

[Means for Solving the Problems] 

The biodegradable sheet of the present Invention Is 

10 composed of a resin canposltlon containing a polylactlc acid 
resin and a polyester, wherein the resin coii5>ositlon contains 
75 to 25 mass% of the polylactlc acid resin and 25 to 75 mass% 
of the polyester having a glass transition tenqperature of 
0°C or less and a melting point higher than the glass transition 

15 ten^rature of the polylactlc add resin based on total 100 
mass%, and wherein the polylactlc acid resin In the sheet 
has a degree of crystallization of 45% or less. 

According to another aspect of the present Invention, 
the biodegradable sheet Is cooqposed of a resin composition 

20 containing a polylactlc acid resin and a polyester, wherein 
the resin contposltlon contains 75 to 25 mass% of the polylactlc 
acid resin and 25 to 75 mass% of the polyester having a glass 
transition ten^erature of 0**C or less and a melting point 
of 90°C or more based on total 100 mass%, and wherein the 
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polylactlc acid resin in i:he sheet: has a degree of 
crys-kallization of 45% or less. 

Here, the degree of crystalliza-bion of the polylactic 
acid resin may be 20% or less. 
5 Further, the polyester may be biodegradable aliphatic 

polyester other than the polylactic acid resin. 

Here , the biodegradable aliphatic polyester can be at 
least one biodegradable aliphatic polyester selected from 
the group consisting of polybutylene succinate, polybutylene 

10 succinate adipate, polybutylene adipate terephthalate , 
polyglycolic acid, polyester carbonate, copolymers of 
polyhydroxybutyrate andpolyhydroxyvalerate, and copolymers 
of polyhydroxybutyrate and polyhydroxyhexanoate . 

The method for producing a molded article of the present 

15 invention con^rises forming a molded article from a 
biodegradable sheet that comprises a resin composition, 
wherein the resin composition contains 75 to 25 nass% of the 
polylactic acid resin and 25 to 75 mass% of the polyester 
having a glass transition temperature of O^C or less and a 

20 melting point higher than the glass trsmsition temperature 
of the polylactic acid resin based on total 100 mass% , wherein 
the polylactic acid resin in the sheet has a degree of 
crystallization of 45% or less , and wherein the molded article 
is formed at a molding teinperature not lower than a melting 
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point: of the polyester and lower than a teiqperature by 30°C 
higher theui the melting point of the polyester. 

Here , the molded article formed from the biodegradable 
sheet at the molding teiuperature may be post-crystallized 
5 at a temperature not lower than the glass transition 
temperature of the polylactic acid resin and lower than the 
melting point of the polyester. 

The molded article from the biodegradable sheet of the 
present invention is made by the above-mentioned method for 
10 producing a molded article. 
[0005] 

[Embodiments of the Invention] 

Hereinafter, the present invention will be described. 
The biodegradable sheet of the present invention 
15 coinprises a resin composition that contains a polylactic acid 
resin and a polyester . Here , the polyester must have a glass 
transition tenperature of O^C or less and have a melting point 
higher than the glass transition tenperature of the polylactic 
acid resin with which it is blended, and the polylactic acid 
20 resin in a formed sheet must have a degree of crystallization 
of 45% or less. Further, the polylactic acid resin and 
polyester must be blended in amounts such that 75 to 25 mass% 
of the polylactic acid resin and 25 to 75 mass% of the polyester 
are blended, the sum of the resin and the polyester being 
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100 mass%. If the blending amount of the poly lactic acid 
resin is more than 75 nLass%, heat resistemce becomes poor 
and if the blending amount of the polylactic acid resin is 
less than 25 ma.ss% , the resultant sheet and molded article 
5 have poor rigidity. 
[0006] 

Thepolylactic acid resins used in the present invention 
include poly (L-lactic acid) containing L-lactic acid as a 
structural unit, poly (D-lactic acid) containing D-lactic 
10 acidas a structural unit , a copolymer containing both L-lactic 
acid and. D-lactic acid as structural units, i.e., 
poly (DL-lactic acid), and mixtures thereof. 
[00071 

In the present invention, to increase heat resistajice 
15 and for other purposes, small amounts of non-aliphatic 
dicarboxylic acids such as terephthalic acid, non-aliphatic 
diols such as ethylene oxide adducts of bisphenol A and so 
on may be used as copolymerizable components. Further, for 
the purpose of increasing the molecular weight , small amounts 
20 of chain extenders, for exanple, diisocycuiate compounds, 
epoxy confounds, acid anhydrides and so on may be used. 

The polylactic acid resin used in the present invention 
may be copolymers with other hydroxycarboxylic acids such 
as a-hydroxycarboxylic acid units, or copolymers with 
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aliphatic diols and/or aliphatic dicarboxylic acids. 
[0008] 

The other hydroxycarboxylic acid units that are 
copolymer i zed with the polylactic acid resin include optical 
5 isomers of lactic acid (D-lactic acid for L-lactic acid, 
L-lactic acid for D-lactic acid) , bifunctional aliphatic 
hydroxycarboxylic acids such as glycolic acid, 
3-hydroxybutyric acid, 4-hydroxybutyric acid, 

2 -hydroxy-n-butyric acid , 2 -hydroxy-3 , 3 -dimethylbutyric 

10 acid, 2 -hydroxy-3 -me thy Ibutyric acid,2-methyllactic acid, 
and 2 -hydroxycarproic acid, and lactones such as caprolactone , 
butyrolactone , and valerolactone . 

The aliphatic diols that are copolymerized with the 
polylactic acid resin include ethylene glycol, 

15 1,4-butajiediol, and 1,4-cyclohexyanedimethanol. Further, 
the aliphatic dicarboxylic acids include succinic acid, 
adipic acid, siaberic acid, sebacic acid, and dodecanedioic 
acid. 

[0009] 

20 It is preferable that the polylactic acid resin has 

a weight average molecular weight in the range of 50,000 to 
400,000, more preferably 100,000 to 250,000. If the 
polylactic acid resin has a weight average molecular weight 
less than 50 , 000 , practically acceptable physical properties 
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are difficult to obtain and if the poly lactic acid resin has 
a weight average molecular weight of more than 400,000, the 
melt viscosity may become too high to give acceptable mold 
processability . 
5 [OOlOl 

Polymerization methods that can be used for the 
polylactic acid resin include known methods such as a 
condensation polymerization method, a ring-opening 
polymerization method. For example, in the case of 

10 condensation polymerization method, direct 

dehydrocondensation polymerization of L-lactic acid or 
D-lactic acid or a mixture of these can give rise to polylactic 
acid resins of any desired conipositions . 

Further, in the ring-opening polymerization method, 

15 a polylactic acid resin may be obtained by polymerizing a 
lactide, which is a dimer of lactic acid, using a catalyst 
selected as appropriate, forexan5>le, tin octy late while using 
a polymerization adjusting agent as necessary. Iiactides 
include L-lactide , which is a dimer of L-lactic acid, O-lactide , 

20 which is a dimer of D-lactic acid, and DL-lactide, which 
consists of L-lactic acid and D-lactic acid. These are mixed 
as necessary and polymerized to obtain polylactic acid resins 
having any desired compositions and degree of 
crystallizations . 

25 [0011] 

In the present invention, it is necessary to blend the 
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polylact:ic acid resin with a specified polyester in order 
to impart a sheet or molded article thereof wi th heat re si s tance , 
impact resistance axidmolding processability . The specified 
polyester has a glass treuisition tesnperature of 0°C or less 
5 and a melting point higher than the glass transition 
temperature of the polylactic acid resin with which the 
polyester is blended. Generally, the glass treuisition 
temperature of the polylactic acid resin is BO^C to 60**C . For 
exanple, polyesters having a melting point of 90°C or more 

10 cam exhibit the effect of the present invention . If the glass 
transition temperature of the polyester is higher than O^C, 
the effect of improving impact resistance is unsatisfactory. 
In consideration of impact resistance, it is preferable that 
the polyester has a glass transition temperature of -20°C 

15 or less. Further, if the melting point of the polyester is 
not higher than the glass transition tesrperature of the 
polylactic acid resin with which the polyester is blended, 
the resultant sheet andmolded article may have unsatisfactory 
heat resistance. 

20 [0012] 

In the present invention, it is preferable that a 
biodegradable aliphatic polyester other than the polylactic 
acid resin be used as a polyester. Examples of the 
biodegradable aliphatic polyester include 

25 polyhydroxycarboxylic acids , aliphatic polyesters obtained 
by condensation of an aliphatic diol and an aliphatic 
dicarboxylic acid, aliphatic aromatic polyesters obtained 
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by condensa-blon of an allpha-bic diol, an aliphatic 
dicarboxylic acid and an aromatic dicarboxylic acid, 
aliphatic polyesters obtainedby ring-opening polymerization 
of a cyclic lactone, synthetic aliphatic polyesters, 
aliphatic polyesters biosynthesized in microbial cells , euid 
so on. 



The polyhydroxycarboxylic acids used herein include 
homopolymers and copolymers of hydroxycarboxylic acids such 
as 3-hydroxy-butyric acid, 4-hydroxy-butyric acid, 
2 -hydroxy-n-buty ric acid , 2 -hydroxy- 3 , 3 -dimethy Ibu tyr ic 
acid, 2-hydroxy-3-methylbutyric acid, 2-methyllactic acid, 
and 2-hydroxycarpoic acid. 



Exanrples of aliphatic diols thls,^a^ used for aliphatic 
polyesters or aliphatic aromatic polyesters include ethylene 
glycol , 1 , 4-butanediol , 1 , 4-eyclohexanediemthanol and so on . 
Further, examples of the above-mentioned aliphatic 
dicarboxylic acid include succinic acid, adipicacid, suberic 
acid, sebacic acid, dodecanedioic acid and so on. Examples 
of the aromatic dicarboac^lic acid include terephthalic acid, 
isophthalic acid and so on. 

By selecting one or more compounds from each conqpound 
eixenplif ied above as appropriate and performing condensation 
polymerization, aliphatic polyesters or aliphatic aromatic 
polyesters can be obtained. Further, the molecular weight 
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of thepolyesterxnay be increasedby use of Isocyana-te compounds 
as necessary to obtain desired polymers. 
[0014] 

Aliphatic polyesters obtained by ring-opening 
polymerization of cyclic lactones can be obtained by 
polymerization of one or more of cyclic monomers such as 
E-caprolactone , 5-valerolactone , P-methyl-5-valerolactone . 

Exanples of the synthetic aliphatic polyester include 
copolymers of a cyclic acid anhydride and an oxirane, for 
example, succinic acid amhydride and ethylene oxide, 
propylene oxide or the like. 

Examples of the aliphatic polyester biosynthesized in 
microbial cells include aliphatic polyesters biosynthesized 
by acetyl coenzyme A (acetyl CoA) inmicrobial cells of microbes 
including Alcaligenes eutropbaa. The aliphatic polyesters 
biosynthesized in microbial cells is composed mainly of 
poly(P-hydroxybutyric acid (poly-3HB) . However, in order 
to increase practically useful characteristics as a plastic, 
it is industrially advantageous to further copolymerize 
hydroxyvaleric acid (HV) to obtain a copolymer of 
poly(3HB-C0-3HV) . Generally, it is preferable that the 
copolymerization ratio of HV is 0 to 40 mol% . Further, in 
place of hydroxyvaleric acid, long chain hydroxyalkanoates 
such as 3-hydroxyhexanoate, 3-hydroxyocatanoate and 
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3-hydroxyoctadecanoat:e may be cqpolymerized. 
[0015] 

Examples of the biodegradable aliphatic polyesters 
that can be used in the present invention include polybutylene 
5 succinate, polybutylene succinate adipate, polybutylene 
adipate terephthalate , polyglycolic acid, polyester 
carbonate, copolymers of polyhydroxybutyrate and 
polyhydroxyvalerate , and copolymers of polyhydroxybutyrate 
and polyhydroxyhexanoate . At least one selected from the 
10 group consisting of the above-mentioned polyesters is used. 
[0016] 

Various modifications may be made to the resin 
composition of the present invention by addition of aiixiliary 
additives . Examples of the auxilieucy additive include heat 

15 stabilizers, light stabilizers, euitioxidants , ultraviolet 
absorbents, pigments, colorants, antistatic agents, 
electroconducting agents, release agents, plasticizers, 
lubriceuits , inorganic fillers , fragrances , antimicrobials , 
nucleating agents and the like. 

20 [0017] 

In the present invention , a sheet can be tolerably formed 
from a resin cdnposition that contains a blend of a polylactic 
acid resin amd a specified in a predetermined proportion. 
However, the polylactic acid resin in the sheet must have 

25 a degree of crystallization of 45% or less, preferably 20% 
or less. The sheet in which the polylactic acid resin has 
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a degree of crystallizal;±on of more theui 45% can be tolerably 
molded by vacuimi forming^ axr pressure forming, vacuum- a±r 
pressure forming, and press forming. However, when 
deep-dra%m molded article having a draw ratio (L/D: I. Is a 
5 depth of molded article, D is an aperture of molded article) 
of 0 . 5 or more or a blister molded article having a complicated 
shape Is formed by vacuiua forming, formabllity is poor and 
no good molded article can be obtained. 

Generally used sheet forming method can be used as a 
10 method for forming the sheet. For exaunple, mention may be 
made of extrusion molding by a T-die cast method. However, 
since the polylactlc acid resin is highly hygroscopic and 
highly hydrolyzable , so that water control during production 
process is necessary. For exasple, when extrusion molding 
15 is performed using a monoaxial extruder, it is preferable 
that film forming be performed after dehumidlf Icatlon and 
drying by a vacuum drier or the like. On the other hand, 
when extmislon molding Is performed using a vent-type blauclal 
extruder, dehydration effect is high so that efficient film 
20 formation is possible. It is also possible to form a 
multilayer sheet by using a plurality of extruders. 
[0018] 

The biodegradable sheet of the present invention can 
be set to a suitable thickness depending on utility. Mien 
25 a molded article is formed by using the biodegradable sheet 
of the present invention, a sheet having a thickness that 
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corresponds -bo a -bhickness required -to a resul-bazi-b molded 
ar-ticle is selected. For example, in -the case of -trays for 
foods such as fresh fish, meat and so on, the thickness of 
the sheet is preferably 100 |Jm to 500 [im. Note that "sheet" 
5 means a product -that is thin and flat, aoid has a thicluiess 
-that is small as coinpeured with the length and width as defined 
by JTS. On -the other hand, "film means a thin, flat product 
that has an extremely small thickness as cooqpared with the 
length and wid-bh and a maucimum -thickness is restricted 

10 arbitrarily, usually provided in the form of a roll (JIS K 
6900). Therefore, among sheets, those having particularly 
small thicknesses may be called films. However, there is 
no clear-cut boundary between "sheet" and "film" and -these 
two are difficult to clearly distinguish one from another. 

15 Accordingly, as used herein, "sheet" may include "film" and. 
"film" may include "sheet". 
[0019] 

The biodegradable sheet of the present invention is 
excellent in molding processabili-ty and can be molded at a 
20 temperature at which no heating of molds is necesseu^ and 
in a short molding cycle. Hereincif -ter , the molding method 
of the present invention will be described. 

The biodegradable sheet of the present invention can 
be molded into a molded article by using a molding method 
25 such as vacuum forming, air pressure forming, vacuum-air 
pressure forming, press forming and so on. In this case. 
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It Is preferable that molding be performed at a sheet 
temperature not lower than the melting point of the polyester 
that constitutes the biodegradable sheet (Tml) and lower them 
a ten^erature by 30°C higher than the melting point of the 
5 polyester (Ttal + 30*0) . If the molding temperature is lower 
than the melting point of the polyester (Tml) , heat resistance 
and molding processability may be unsatisfactory. If the 
molding temperature is not lower than (Ttail + 30*'C) , there 
will arise the problem of draw down of the sheet upon molding . 

10 [0020] 

In the present invention, it is preferable that the 
obtained molded article be subjected to post-crystallization 
treatment . The method of post-crystallization is performed 
at a temperature not lower them the glass treuisition 

15 texnperature of the polylactic acid resin that constitutes 
the sheet used and lower than the melting point of the polyester 
that constitutes the sheet used. Post-crystallization may 
sometimes increase heat resistance. The heat resistance of 
the molded article before the post-crystallization treatment 

20 depends on the melting point of the polyester while the heat 
resistance of the molded article after the 
post-crystallization treatment depends on the melting point 
of the polylactic acid resin. For exanple, when a polyester 
having a melting point of 110°C is used, the heat resistance 

25 ten^erature of the molded article before the 
post-crystallization treatment is 110°C or less while the 
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hea-b resls-bamce -benperature o£ the molded, ax-blcle af -ber the 
post-crystallization treatment is elevated near the melting 
point of the polylactic acid resin . Note that although the 
melting point of the polylactic acid resin may vary depending 
5 on the mixing ratios of L-lactic acid and D-lactic acid as 
structural units, geners^-ly it is about ISB^C to about 175**C. 
If the temperature of post-crystallization is lower than the 
glass transition temperature of the polylactic acid resin, 
crystallization of the polylactic acid resin does not proceed 

10 substantially. On the other heund, if the ten?>erature of 
post-crystallization is not lower than the melting point of 
the polyester, the molded article will be deformed and there 
arises the problem of precision of dimension. The time 
required for post-crystallization is not particularly 

15 limited and preferably selected depending on the blending 
proportions as appropriate. 
[0021] 

As described above , use of the biodegradable sheet of 
the present Invention enables molded articles to be formed 
20 without retaining the mold at a tesnperature near the 

crystallization of polylactic acid resin (for exaxiple, 80°C 
to 130°C) , that is, at a molding temperature lower than such 
a tenperature and in a short molding cycle. Further, the 
obtained molded article has excellent heat resisteuice and 
25 excellent impact resistance. 
[0022] 

Molded articles of various forms can be formed by using 
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the biodegradable sheet of the present invention . Exaxnples 
of molded article include lunch boxes , trays or cups for foods 
such as fresh fish, meat, vegetables, soybean cake, daily 
dishes, desserts, and convenience food noodles, wrapping 
5 containers for tooth brushes, batteries, drugs, cosmetics 
and so on, hotfill containers for pudding, jam, curry and 
so on, or trays, carrier tapes and the like for transporting 
electronic ccmiponents such as IC, treuisistors , diodes and 
so on. 
10 [0023] 
[Examples] 

Hereinafter, the present invention will be described 
in detail by examples . However, the present invention should 
not be considered to be limited to the examples. Measured 
15 values and evaluation methods used in the exanples and 
comparative examples are shown below. 
[0024] 

(1) Evaluation of heat resistance 

Molded articles obtained from biodegradable sheets 

20 were subjected to heat treatment at 80°C or 120^0 for 20 minutes 
using an oven with interzial air circulation. Then, a volume 
reduction ratio (%) of the molded article was calculated 
according to the following equation. Note that a volume 
reduction ratio of below 3% means ^^excellent" , 6% or less 

25 means "practically usable range'', and above 6% means 
"unuseJale" . 
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Volume reduction ratio = 

{1 - (voluzae of molded article after heat treatment/volume 
of molded article before heat treatment) } x 100 

5 

(2) Evaluation of iinpact resistance (1) 

Using Hydrostat Impact Tester (Model HTM-1) 
manufactured by Toyo Seiki Co., Ltd., a percussion hammer 
having a diameter of 1/2 inch was hit on a biodegradable sheet 
10 at a speed of 3 m/sec at a temperature of 23°C and energy 
required for breeUcage of the sheet was calculated. 

(3) Evaluation of impact resistance (2) 

Water was filled into a molded article obtained from 
15 a biodegradable sheet through an opening and the opening was 
sealed. The article was made to fall from a height of 1 m 
onto a concrete and whether or not damage occurred was examined . 

(4) Glass treuisition temperature 

20 Glass transition temperature of a polyester was 

measured according to Japan Industrial Stcuidard JIS-K-7121 
by using a differential scanning calorimeter (DSC) at a 
teniperature elevation rate of lO^C/minute. 
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(5) Measuresnent of degree of crystalllza-blon 

Heat of melting of crystal (AOa) and heat of 
crystallization (AHc) ascrdLbable to the poly lactic acid resin 
in the biodegradable sheet or in the molded article were 
5 measured according to ins-K-7121 by using a differential 
sceuming calorimeter (DSC) at a ten9>erature elevation rate 
of 10°C/min. and the degree of crystallization (%) of the 
polylactic acid resin was calculated according to the 
following equation. 

10 

Degree of crystallization = { (Attn - AHc) / [92 . 8 x (proportion 
of polylactic acid resin in sheet) ] ) x 100 

(6) Evaluation of moldability 

15 Using a mold having a diameter of 75 mm, a depth of 

100 mm and a draw ratio of 1 . 33 (mold temperature 25*0 , vacuum 
forming (degree of vacuum: -70 cmHg) euidmoldforming condition 
of the molded article was observed . Evaluation was performed 
in three ranks. Evaluation standards are as follows. ^^O" 

20 indicates the case where a molded article having a good shape 
was formed, ^^A" indicates the case where a molded surticle 
that was substantially on a practically usable level, and 
X " indicates the case where a molded article of unacceptable 
shape was formed. 
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[0025] 
(Example 1) 

15 Tppm of tin octylate was added to 100 kg of L-Lactide 
(trade name: PUSASOBB L) manufactured by Purac Japan Co. and 
5 the resultant was charged in a 500-L batch type polymerization 
tank equipped with a stirrer and a heater . The tank was purged 
with nitrogen and polymerization was performed at 185*'C for 
60 minutes at an agitation speed of 100 rpm. The obtained 
melt was fed to a 40 mm<|> unidirectional bisucial extruder 

10 equij^ed with 3 stages of vacuum vent manufactured by 
Mitsubishi Heavy Industries , Ltd. , and extruded at 200*'C into 
a strand and pelletized while removing volatiles at a vent 
pressure of 4 Torr. The obtained poly lactic acid resin had 
a weight average molecular weight of 200,000 and a L-form 

15 content of 99.5%. The resin had a melting point by DSC of 
171°C and a glass transition temperature of 58°C. 

The obtained poly lactic acid resin and a polybutyrene 
succinate ("'Bionolle 1903" , tradename, manuf acturedby Showa 
Highpolymer Co . , Ltd. , melting point : 110°C, glass transition 

20 temperature: -40°C) as a biodegradable aliphatic polyester , 
were mixed in proportions of polylactic acid 
resin/biodegradable aliphatic polyester = 70 mass%/30 mass% . 
The resultant was fed to a unidirectional biaxial extruder, 
melt-kneaded and extruded into a strand, and then cut by a 
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pelletlzer to obtain pellets. Subsequently, the obtained 
pellets were dried at 70°C for 8 hours, fed to a monoaxial 
extruder , and extruded through a T-die to obtain a 400 urn- thick 
biodegradable sheet. The polylactic acid resin of the 
5 obtaiined biodegradable sheet had a degree of crystallization 
of 11%. 

Then, a molded article was formed using the obtained 
biodegradable sheet . That is , using a mold having a diameter 
of 75 mm and. a depth of 100 mm (a draw ratio of 1.33) (mold 

10 tesnperature 25''C) , vacuum forming was performed under the 
conditions of a sheet temperature of 120*0 shown in table 
1 and a vacuum pressure of -70 cmHg to obtain a biodegradable 
molded article . The obtained molded article was evaluated 
for heat resistance at 80°C for 20 minutes, impact resistance 

15 (1) , impact resistance (2) , and moldability. The results 
obtained are shown in Teible 1. 

[0026] 
(Example 2) 

A biodegradable sheet was obtained in the same manner 
20 as that in Example 1 except that the blending amounts of 
polylactic acid resin and biodegradable aliphatic polyester 
were changed to polylactic acid resin/biodegradable 
aliphatic polyester = 60 mass%/40 mass% . The polylactic acid 
resin of the obtained biodegradable sheet had a degree of 
25 crystallization of 10%. 
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Further, using the obtained biodegradable sheet, a 

molded article was obtained in the same manner as that in 

Example 1 . The obtained molded article was evaluated in the 

same manner as that in Example 1 . The results obtained are 

5 shown in Tadsle 1 . 

[0027] 
(Exainple 3) 

A biodegradable sheet was obtained in the same manner 
as that in Example 1 except that the blending amounts of 

10 polylactic acid resin and biodegradable aliphatic polyester 
were changed to polylactic acid resin/biodegradable 
aliphatic polyester = 50 mass%/50 mass% . The polylactic acid 
resin of the obtained biodegradable sheet had a degree of 
crystallization of 8%. 

15 Further, using the obtained biodegradable sheet, a 

molded article was obtained in the same manner as that in 
Exanqple 1 . The obtained molded article was evaluated in the 
same manner as that in Exanple 1 . The results obtained are 
shown in Table 1 . 

20 [0028] 
(Exanple 4) 

A biodegradable sheet was obtained in the same manner as that 
in Example 1 except that the blending amounts of polylactic 
acid resin and biodegradable aliphatic polyester were changed 
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to polylactlc acid resin/blodegradable aliphatic polyester 
= 40 mass%/60 mass% . The polylactlc acid resin of the obtained 
biodegradable sheet had a degree o£ crystallization of 10% . 

Further, using the obtained biodegradable sheet, a 
5 molded article was obtained in the same manner as that in 
Exanple 1 . The obtained molded article was evaluated in the 
same manner as that in Exainple 1 . The results obtained are 
shown in Table 1 . 
[0029] 
10 (Example 5) 

A biodegradable sheet was obtained in the same manner 
as that in Exaxqple 1 except that polybut^rene adipate 
terephthalate (^^Ecoflex" manufactured by BASF, melting 
point: 109°C, glass transition temperature: -30°C) was used 

15 as a biodegradable aliphatic polyester and the blending 
amounts of polylactlc acid resin and biodegradable aliphatic 
polyester were changed to polylactlc acid 
resin/biodegradable aliphatic polyester = 70 mass%/30 mass% . 
The polylactlc acid resin of the obtained biodegradable sheet 

20 had a degree of crystallization of 8%. 

Further, using the obtained biodegradable sheet, a 
molded article was obtained in the same manner as that in 
Example 1 . The obtained molded article was evaluated in the 
same manner as that in Exainple 1 . The results obtained are 
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shown ±n Table 1. 

[0030] 
(Example 6) 

15 ppm of tin octylate was added to 90 kg of L-Lactide 
5 (trade name: PURASOBB L) manufactured by Purac Japan Co. and 
10 kg of DL-lact±de (trade name: FURASORB DL) manufactured 
by the same company, and the resultant was charged In a 500-Ii 
batch type polymerization tank equipped with a stirrer and. 
a heater. The tank was purged with nitrogen and 

10 polymerization was performed at 185°C for 60 minutes at an 
agitation speed of 100 rpm. The obtained melt was fed to 
a 4 Omm<|) unidirectional biaxial extruder equipped with 3 stages 
of vacuum vent manufactured by Mitsubishi Heavy Industries , 
Ltd. , suid extruded at 200°C into a stramd andpelletized while 

15 removing volatiles at a vent pressure of 4 Torr . The obtained 
polylactic acid resin had a weight average moleculeu: weight 
of 200,000 and a L-form content of 94.8%. The resin had a 
meltingpointby DSC of 165°C andaglass transition teo^erature 
of 56*'C. 

20 The obtained polylactic acid resin and a polybu^prene 

succinate (^^Bionolle 1903" , trade name, manufactured 1:^ Showa 
Highpolymer Co . , Ltd. , melting point: 110°C, glass transition 
temperature: -40*'C) as a biodegragable aliphatic polyester , 
were mixed in proportions of polylactic acid 
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resin/biodegradable aliphatic polyester = 60 mass%/40 iaass% . 
The resultant was fed to a unidirectional biaxial extruder, 
melt-kneaded and extruded into a strand, and then cut by a 
pelletizer to obtain pellets. Subsequently, the obtained 
5 pellets were dried at lO^C for 8 hours, fed to a monoeucial 
extruder , and extruded through a T-die to obtain a 400 pm- thick 
biodegradable sheet. The polylactie acid resin of the 
obtained biodegradable sheet had a degree of crystallization 
of 4%. 

10 Then, using the obtained biodegradable sheet, a molded 

airticle was obtained in the same manner as that in Example 
1. The obtained molded article was evaluated in the same 
manner as that in Exeuple 1 . The results c^tained are shown 
in Table 1. 

15 [0031] 
(Exainple 7) 

The molded article obtained in Example 2 was subjected 
to post-crystallization treatment at 70°C for 8 hours to obtain 
a post-crystallized molded article. The polylactie acid 
20 resin of the obtained molded article had a degree of 
crystallization of 45%. The obtained molded article was 
evaluated for heat resistance at 120°C for 20 minutes, impact 
resistance (1) , impact resistance (2) , and moldability . The 
results obtained are shown in Table 1. 
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[0032] 
(Exazople 8) 

The polylacbic acid res±n ob^lned in Exainple 1 and 
a polybutyrene succinate (^'Bxonolle 1903", trade name, 
5 manufactured by Showa Highpolymer Co. , Ltd. , melting point: 
110°C, glass transition temperature: -40°C) as abiodegragable 
aliphatic polyester, were mixed in proportions of polylactic 
acid resin/biodegradable aliphatic polyester = 70 mass%/30 
mass% . The resultant was fed to a unidirectional biaxial 

10 extruder, melt-]uieaded and extruded into a strand, and then 
cut by a pelletizer to obtain pellets. < Subsequently, the 
obtained pellets were dried at 70''C for 8 hours, fed to a 
monoaxial extruder, extruded through a T-die, and then made 
contact a cast roll at 110°C to obtain a 400 pm-thick 

15 biodegradable sheet. The polylactic acid resin of the 
obtained biodegradable sheet had a degree of crystallization 
of 43%. 

Then, using the obtained biodegradable sheet, a molded 
article was obtained in the same manner as that in Example 
20 1. The obtained molded article was evaluated in the same 
manner as that in Example 1 . The results obtained are shown 
in Table 1. 

[0033] 
[Table l] 
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[0034] 

(Conpara-tive Example 1) 

The polylac-tic acid resin obt:a±ned in Example 1 was 
fed t.o a unidirectional biaxial extruder, melt-kneaded and 
5 extruded into a strand, and then cut by a pellet! zer to obtain 
pellets. Subsequently, the obtained pellets were dried at 
70°C for 8 hours, fed to a monoaxial extruder, and extruded 
through a T-die to obtain a 400 fua-thick biodegradable sheet. 
The poly lactic acid resin of the obtained biodegradable sheet 
10 had a degree of crystallization of 6%. 

Then, a molded article was formed using the obtained 
biodegradable sheet . That is , using a mold having a diameter 
of 75 mm and a depth of 100 mm (a draw ratio of 1.33) (mold 
temperature 25°C) , vacuiam forming was performed under the 
15 conditions of a sheet temperature of SO^C shown in Table 2 
and a vacuum pressure of -70 cmHg to obtain a biodegradable 
molded article . The obtained molded article was evaluated 
in the same manner as that in Example 1 . The results c^tained 
are shown in Table 2 . 

20 [0035] 

(Comparative Exantple 2) 

A biodegradable sheet was obtained in the same manner 
as that in Exasple 1 except that the blending amounts of 
polylactic acid resin and biodegradable aliphatic polyester 
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were changed to polylactlc acid resln/biodegradable 
aliphatic polyester = 80 mass%/20 mass% . The poly lactic acid 
resin of the obtained biodegradable sheet had a degree of 
crystallization of 8%. 

Further, using the obtained biodegradable sheet, a 
molded article was obtained in the saxoe manner as that in 
Example 1 . The obtained molded article was evaluated in the 
same manner as that in Example 1 . The results obtained are 
shown in Table 2 . 



[0036] 
[Table 2] 





Comparative 
Example 1 


Comparative 
Example 2 


Blending proportion 
(mass%) 


A** 


100 


80 




0 


20 


Degree of 

crystallization (%) 


Sheet 


6 


8 


Molded 
article 






Molding tempera txire*^ (°C) 


80 


120 


Heat Volume reduction 
resistance ratio (%) 


99.8 


10.1 


Impact resistance (1) (Kgf - mm) 


12 


150 


Incpact resistance (2) 


Cracks 


No breakage 


Evaluation of moldability 


o 


O 


Post-crystallization 


No 


No 



Notes) *3 Mblding temperature: Temperature of 
biodegradable sheet upon molding ; 

*4 Polylactic acid resin: Glass transition 

temperature 58*'C, melting point ITl^C; 
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*5 Biodegradable aliphatic polyester: 

^^Blonolle 1903" (glass transition teooperature -40''C, melting 
point llCC) 
[00371 

5 Tables 1 and 2 indicate that Examples 1 to 7 were excellent 
in all of the heat resistance. Impact resistance, and 
moldablllty and that good molded articles can be obtained 
by an ordinary molding cycle . In particular , Example 7 showed 
that the heat resistance was Increased due to the effect of 

10 post-crystallization, and the heat resistance temperature 
was higher than the melting point or more of the biodegradable 
aliphatic polyester. Further, Example 8 was excellent in 
the heat reslsteuice and impact resistance, and. showed 
moldablllty on a practically usable level. Note that the 

15 sheets obtained in Examples 1 to 8 were biodegradable so that 
they would cause no environmental problems. 

On the other hemd, in Cooparatlve Example 1 , problems 
arose in the heat resistance and lnpact resistance since no 
biodegradable aliphatic polyester was contained. In 

20 Comparative Example 2 , the heat resistance was poor due to 
a decreased blending amount of the biodegradable aliphatic 
polyester . 
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[0038] 

[Effect of the Invention] 
As described In detail, according to the present invention, 
biodegradable sheets that are biodegradable and exhibit 
5 excellent heat resistance, excellent lnipact resistance and 
excellent moldablll ty can be provided . Further , When molded 
articles are formed by using the biodegradable sheets of the 
present Invention, the temperature of mold need not be retained 
at a temperature near crystallization ten5>erature of 

10 polylactlc acid resin (SO^C to 130*'C) , and molded articles 
having heat resistance can be obtained by using molds at room 
t^qperature , which makes It possible to perform molding In 
an ordinary molding cycle . That Is , by blending a polylactlc 
acid resin and a specified polyester in predetermined 

15 proportions and controlling the degree of crystallization 
of the polylactlc acid resin in the resultant sheet, the 
problems of the conventional technology, which are, (1) 
prolonged molding cycle and Increased production costs , (2 ) 
necessity of Installment or the like for heating molds , and 

20 so on have been solved. Further, use of the biodegradable 
sheets of the present Invention enables one to perform various 
forming such as vacuum forming, air pressure forming, 
vacuum-air pressure forming, ajid press forming. In 
particular, even when deep-drawn molded articles and blister 

25 molded articles having a complicated shape are formed by using 
a vacuvuQ forming machine , goodmolded articles can be obtained . 
Furthermore, by performing molding under specified 
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condxt^ions , molded articles having excellent heat resistance , 
excellent Intpact reslstemce, and excellent moldability cam 
be provided amd post-crystallization of the molded articles 
under specified conditions can provide molded articles having 
further increased heat resistance. 
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[Document Name] Abstract 
[Abstract] 

[object] One object of the present invention is to provide 
a biodegradable sheet, which causes no environmental problems , 
5 has excellent heat resistance and impact resistauice, and is 
capable of forming deep-drawn molded article and blister 
molded article having a conplicated shape. Another object 
of the present invention is to provide a molded article from 
the biodegradable sheet and a method of producing the molded 
10 article. 

[Means for Solution] The biodegradable sheet comprises a 
resin composition containing 75 to 25 mass% of a polylactic 
acid resin and 25 to 75 mass% of a polyester having a glass 
treuisition temperature of 0°C or less and a melting point 

15 higher than the glass transition temperature of the polylactic 
acid resin based on total 100 mass%, and the polylactic acid 
resin in the sheet has a degree of crystallization of 45% 
or less . The method for producing a molded article from the 
biodegradable sheet includes the step of molding the 

2 0 biodegradable sheet at a teii5>erature not lower than the melting 
point of the aliphatic polyester and lower than a tenperature 
by 30*0 higher thoui the melting point of the polyester, 
[selected Drawing] None 
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